In this work, we have assessed the results of the local and nonlocal versions of Rousselier's damage model, which have been used here for simulation of ductile crack growth. There are several issues regarding the accuracy of the results which has been addressed in this paper, e.g., accuracy in simulation of crack path, extent and width of the damaged region, fracture resistance behaviour in situations such as symmetric vs. non-symmetric boundary-value problems, mixed-mode loading vs. mode-I loading of the crack-tip, etc. It was also observed that the shape and orientation of the elements at the crack-tip, in addition to their size, influence the results of the local damage model. In this work, it was shown that the above issues can be resolved through the use of nonlocal damage models. The predictions of the nonlocal model are also consistent with the experimental observations unlike its local counterpart. Several examples were presented, where the results as obtained by both the local and nonlocal models were compared. From this experience, it is recommended that the local damage models should not be used blindly by the analysts for all kinds of mesh design, loading, boundary conditions, etc.
Introduction
To guarantee a safe operation of plants and components, it is absolutely necessary to be able to quantify the required safety margins against failure. Although fracture mechanics has been very successful as a design and analysis tool for engineers, the major limitation is that: a single damage mechanism is considered in the analysis. In this mechanism, the separation of the two surfaces depends upon the associated energy dissipation which varies in a direct proportion to their area. Similar deficiencies are also found in the cohesive zone type of models though this can be formulated as a coupled approach, whereas fracture mechanics parameters are usually derived in an uncoupled fashion as a post-processing exercise from an elastic or elastic-plastic analysis. An alternative approach consists in modelling the various damage mechanisms (e.g., void nucleation, growth and coalescence in case of ductile fracture) through appropriate constitutive relations depending on the material under consideration (soil, concrete, metal, timber and so on). Such constitutive relations have in common a strainsoftening property, which is the essential feature of damage accumulation in the continuum.
The damage is considered as an internal state variable in continuum damage mechanics models. It evolves with and is coupled to the stress and strain field. When damage reaches a critical value, the material point looses the stress carrying capability, thus mathematically representing a crack. With the help of finite element formulation, the deformation and failure processes in different types of materials can be predicted with high accuracy by means of such material damage constitutive models. The ''Rice and Tracey Model' ' (Rice and Tracey, 1969) , the ''Rousselier Model'' (Rousselier, 1987 ) and the ''Gurson-Tvergaard-Needleman's Model'' (Gurson, 1977; Tvergaard and Needleman, 1984; Needleman and Tvergaard, 1984) belong to these class of models which are suitable for simulation of the ductile fracture process in metals. The Rice and Tracey's formulation is an uncoupled damage model whereas the later formulations belong to the class of coupled models. Numerous applications of the coupled damage models have been documented in research literature in the last few years (Kussmaul et al., 1995; Pitard-Bouet et al., 1999; Tanguy and Besson, 2002; Pavankumar et al., 2005; Eberle et al., 2000) . A detailed and very recent review of the application of different types of continuum damage mechanics models for ductile fracture, their advantages, limitations, etc. can be found in Besson (2010) .
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